Currently there is a lack of data on herpes simplex virus-2 (HSV-2) and human immunodeficiency virus-1 (HIV-1) co-infections as well as risk factors for infection in antenatal women from South Africa. The present study attempts to fill this gap. This crosssectional study was conducted from April to August 2017 at the antenatal clinic of the King Edward VIII hospital in Durban, South Africa. In total 248 pregnant women participated in the study. Data on the women's demographics, sexual behaviour and clinical information were collected. HIV testing was conducted using a rapid test and the HerpeSelect 2 ELISA was used to test for HSV-2. The prevalence of HSV-2 and HIV-1 was 71% and 50% and coinfection rate was 60%. In adjusted analyses, women who were aged ≥ 35 years (adjusted odds ratio [AOR]: 4.95, p = 0.01), experienced recent symptoms of genital itching/sores/warts (AOR 2.48, p = 0.05) and were HIV-positive (AOR 3.64, p < 0.01), were more likely to be infected with HSV-2. Older age (30-34 years old) (AOR 6.53, p < 0.01) and having ≥ 4 lifetime sex partners (AOR 4.59, p = 0.03) were strongly associated with HSV-2/HIV-1 co-infections. The findings of this study call for continuous risk reduction counselling in this population.
Introduction
According to the World Health Organization (WHO) approximately 536 million people aged 15-49 years are infected with herpes simplex virus type 2 (HSV-2), the causative agent of genital herpes. 1 In addition, an estimated 23.6 million people in this age group become newly infected with HSV-2 annually. The prevalence rates of HSV-2 infection are reported to be higher in women when compared with men, with the lowest prevalence rates being 13% among West European men and the highest prevalence rates being 70% among sub-Saharan African (SSA) women. 1 In South Africa, the prevalence of HSV-2 infection is reported to be between 40% and 70% in women. 2, 3 In South Africa, HSV-2 seroprevalence among women of reproductive age is considerably higher than in the USA (30-70% vs. 21%). 4 HSV-2 incidence in southern Africa remains high throughout the reproductive years, at 8.8/100 person-years among women 18-24 years of age and 5.3/100 person-years among women 35 years or older. This is higher than the USA, where estimated HSV-2 incidence is 2.25/100 person-years among women 20-29 years of age and 1.73/100 person-years among women age 30-39; of these, 1.0% of HSV-2 seronegative women seroconverted during pregnancy. This suggests that South African women may also be at risk of HSV-2 infection during pregnancy. 4 In South Africa, routine screening for HSV-2 infections during pregnancy is not the standard of care. As a result, infants that are exposed to the virus may be at increased risk of neonatal fatality. 4 Previous studies have found a strong association between HSV-2 infection and HIV-1 infection. 5 There are several reports suggesting that HSV-2 is a biological co-factor for HIV-1 acquisition. A meta-analysis performed by Freeman 6 showed that the relative risk of HIV-1 acquisition associated with HSV-2 was 3.1 (95% confidence interval [CI] 1.7, 5.6). It is suggested that HSV-2 infection may contribute to > 50% new HIV infections among women in SSA. 6 Some studies have reported high prevalence rates of these infections in general populations as well as high-risk populations. In a study by Abbai et al., 3 the prevalence of HSV-2 and HIV-1 co-infection was reported to be 41% in South African women.
Some of the risk factors that have been associated with HSV-2 infections include older age, 3, 7, 8 early menarche, 9 low level of education, 10 and having a higher number of sex partners. 3, 10 However, most of the above-mentioned factors have been identified by assessing high-risk women who have participated in previous HIV prevention clinical trials. In addition, the majority of the studies that have identified risk factors for HSV-2 infection in pregnant women have been conducted outside South Africa. [11] [12] [13] [14] To this end, there are limited reports on the risk factors for HSV-2 infection in antenatal women from South Africa, in particular the province of KwaZulu-Natal. The present study aims to fill a gap in knowledge regarding the seroprevalence of HSV-2 infections and risk factors for infection in this target population.
In this study, a population of pregnant women were screened for the presence of HSV-2 antibodies. Through this study the risk factors associated with HSV-2 infections in pregnant women were identified. Additionally, the prevalence of HSV-2 and HIV-1 co-infection was investigated and risk factors associated with both infections were identified.
Methods

Study setting and population
This study was a cross-sectional study that was conducted from April to August 2017 at the antenatal clinic of the King Edward VIII hospital in Durban, KwaZulu-Natal, South Africa. King Edward VIII hospital is the second largest hospital in the Southern Hemisphere, providing regional and tertiary services to the whole of KwaZulu-Natal. A total of 248 women attending care and who met eligibility were enrolled in this study. During the study recruitment process, the refusal rate for participation was 20%. On average the clinic attended to close to 80-100 patients daily. All women were 18 years and older and willing to complete a written informed consent form as well as provide a blood sample to be tested for HSV-2 infections. Women provided permission for the study staff to obtain information on their HIV status from their clinic records.
Data and specimen collection
At enrolment, a structured questionnaire was administered to collect data on the women's demographics (age, level of education, employment status, and marital status), sexual behaviour (condom use, cohabitation status, number of lifetime sex partners, age of sexual debut) and clinical information (trimester of pregnancy, HIV status, current symptoms of genital ulcers/ sores, history and treatment of STIs, method of contraception used prior to pregnancy).
Testing for HIV, which was part of the standard of care, was performed using the HIV 1/2/O Tri-line Human Immunodeficiency Virus Rapid Test Device test strip (ABON Biopharm Hangzhou Co., China). The testing was performed on fingerpick whole blood. Approximately 3.5 ml of whole blood was collected by venepuncture by a professional nurse using a serum separator gel (SST) tube. The blood was transported to the University of KwaZulu-Natal, Nelson Mandela School of Medicine, School of Clinical Medicine Research Laboratory, for processing and testing. Serum was separated from the whole blood sample, transferred to a cryovial and stored at -20°C until further testing.
Laboratory testing
Thawed serum samples were later tested using the HerpeSelect 2 ELISA IgG test kit (Quest Diagnostics, Madison, New Jersey, US) according to the manufacturer's recommendations with a high control cut-off of 3.5. The assay is a glycoprotein G-based type-specific ELISA technique that produces qualitative results. Controls that were provided with kits were included for all runs. The cut-off value used to determine a positive result was > 1.10 index value; 0.9-1.10 index values were considered equivocal and index values < 0.9 were considered as negative results. All samples that produced equivocal index values were retested.
Data analysis
Associations between categorical variables were assessed using chi-square (x 2 ) tests. Ordinary logistics regression models for the dichotomous outcome variable HSV-2 (positive vs. negative) were used to determine factors that contribute to prevalent HSV-2 infections in this pregnant cohort. In the case of the categorical variable of HSV-2 and HIV-1 co-infection, multinomial logistic regressions were used to identify factors that contributed to HSV-2/HIV-1 co-infection. This outcome variable had four categories: (1) negative for both HSV-2 and HIV-1; (2) positive for both HSV-2 and HIV-1, i.e. co-infected; (3) HSV2 positive and HIV-1 negative; and (4) HSV-2 negative and HIV-1 positive. The referent category in the multinomial models was being negative for both infections. Both ordinary and multinomial logistic regression models were adjusted for age (18-24, 25-29, 30-34, ≥ 35), level of education (primary, secondary, tertiary), employed (yes/no), married (yes/no), behavioural factors (age at first sex, number of lifetime partners, partner having other partners, condom use), and clinical/biological factors (pregnancy trimester, contraception prior to pregnancy, genital ulcer/sore, STI symptoms, STI treatment). All statistical analyses were conducted using STATA 14.1. 15 All p-values were considered significant at < 0.05.
Ethics
Ethical and human participant research approvals was obtained from the Biomedical Research Ethics Committee, University of KwaZulu-Natal (BE525/16). All study-related material was approved before being used in this study.
Results
Baseline characteristics of the study population stratified by HSV-2 status
A total of n = 248 pregnant women were enrolled in this study. Table 1 describes the study population according to HSV-2 status. The overall prevalence of HSV-2 in the study population was found to be 71%. In this study, a higher proportion of women older than 35 years of age when compared with women who were 18-24 years of age tested HSV-2 positive (31.6% vs. 14.7%, p = 0.01). Women who had obtained a secondary level of education when compared with women who only completed primary school (70.6% vs. 5.1%, p = 0.01) were also shown to be HSV-2 positive. HSV-2 seropositivity was higher in women who were unemployed compared with women who were employed (60.5% vs. 39%.5, p = 0.55) and a larger number of prevalent HSV-2 infections was found in women who were unmarried when compared with women who were married (84.7% vs. 15.3%, p = 0.01).
A higher number of HSV-2 infections was found in women who reported having a regular sex partner when compared with women that did not have a regular sex partner (98.9% vs. 1.1%, p = 0.34). In addition, a higher number of prevalent infections was observed in women who were not living with their current partner when compared with women who were cohabiting (54.2% vs. 44.6%, p = 0.51). A larger number of infections were found in women who had experienced first sex at ages 15-19 years (78.4%) versus women who had a sexual debut at an older age (p = 0.25). Having 2-4 lifetime sex partners in comparison with women with one lifetime sex partner was associated with HSV-2 infections (65% vs. 7.3%, p = 0.001). Not knowing if their partner had other partners (43.5%) was associated with prevalent HSV-2 infections in the study women (p = 0.78). A higher number of prevalent HSV-2 infections has been observed in women who reported using condoms "sometimes" when compared with women who "always" used condoms (48.6% vs. 19.2%, p = 0.01).
When considering clinical/biological factors and HSV-2 status, it was found that a larger number of women who were HSV-2 positive were in their second trimester of pregnancy when compared with women who had an early gestational age (46.9% vs. 22%, p = 0.67). There was a high prevalence of HSV-2 and HIV-1 co-infection in this study population (60.5%, p < 0.001). The majority of women who had prevalent HSV-2 infections showed symptoms of genital ulcers/sores (66.7%, p = 0.12) and had been previously treated for sexually transmitted infections in the past three months before enrolment (57.6%, p = 0.01). In addition, approximately 39% of the women who were HSV-2 positive had used an injectable form of contraception prior to becoming pregnant (p = 0.70). Herpes simplex virus-2 infections in pregnant women from Durban, South Africa
Factors associated with HSV-2 infections
In this study population, pregnant women who were ≥ 35 years were more likely to be infected with HSV-2 (adjusted odds ratio [AOR] 4.95, 95% CI 1.39-17.5, p = 0.01). HIV status was strongly associated with HSV-2 infections. Women who were HIV-positive were three times more likely to be infected with HSV-2 (AOR 3.64, 95% CI 1.64-8.05, p = 0.001). In addition, women who had experienced past symptoms of genital itching/sores/warts were more likely to be HSV-2 seropositive (AOR 2.48, 95% CI 0.99-6.14, p = 0.05). Women who had four and more lifetime sex partners were most likely to be HSV-2 positive when compared with women with just one partner. Although there was a significant association between lifetime number of sex partners and HSV-2 status in the unadjusted analysis (AOR 4.20, 95% CI 1.69-10.4, p < 0.001), this association was not maintained in the adjusted analysis (AOR 1.68, 95% CI 0.51-5.43, p = 0.39) ( Table 2) .
Factors associated with HSV-2 and HIV-1 co-infections
According to the analysis, age and number of lifetime sex partners were strongly associated with HSV-2 and HIV-1 co-infections (Table 3) . Women who were between the ages of 30 and 34 years of age were more than six times more likely (AOR 6.53, 95% CI 1.53-27.7, p = 0.01) to be infected with HSV-2 and HIV-1 when compared with women who were 18-24 years of age. Having four and more lifetime sex partners put the women at higher risk of being infected with HSV-2 and HIV-1 (AOR 4.59, 95% CI 1.14-19.1, p = 0.03) when compared with women who reported having fewer sex partners. Recent symptoms (past three months) of genital itching, genital warts and genital sores also increased the women's risk of being coinfected with both viruses (AOR 4.43, 95% CI 0.98-19.9, p = 0.05).
Discussion
In this study of women attending antenatal care at the King Edward VIII hospital in Durban, South Africa, the overall prevalence of HSV-2 infections was reported to be 71%. The prevalence estimates reported in this study was found to be higher than recent reports from pregnant women from countries outside Africa, i.e. Brazil (21%), 11 Haiti (31%), 12 as well as within the African continent (Ethiopia, 32%;
13 Uganda 53% 14 ). A recent study from Soweto in South Africa reported a HSV-2 seroprevalence of 59% in pregnant women. 4 Our study shows that prevalent HSV-2 infection is high among pregnant women in South Africa when compared with other parts of the globe. In addition, the prevalence estimates reported in this study are higher than the global prevalence (15%) of HSV-2 in women. 16 The number of HSV-2 infections was found to be higher in HIVpositive pregnant (60%) women when compared with women who were HIV uninfected (39%). In this study, it was shown that HIV-positive women were three times more likely to be HSV-infected than HIV-uninfected women. This association was maintained even after adjusting for confounding variables (p = 0.001). Similar observations were reported for studies conducted by Aebi-Popp et al. 17 and Domercant et al. 12 Infection with HIV has been implicated in enhancing the genital shedding of HSV-2, despite the absence of clinical lesions. 3 These findings therefore advocate the need for evidenced-based interventions that are directed towards preventing HSV-2 infections among populations that reside in settings that have a generalised HIV epidemic. 12 In this study, an increase in HSV-2 prevalence was observed with increasing age. The highest number of HSV-2 infections was reported for women who were ≥ 35 years old. These older women were four times more likely to be HSV-2 positive when compared with women who were 18-24 years of age (p = 0.014). This finding is consistent with recently published studies in which older age was associated with HSV-2 infection in pregnant and non-pregnant populations. 3, 11, 12, [17] [18] [19] According to Perti et al., 4 the increasing number of prevalent HSV-2 infections with increasing age is the result of the longest time of herpes exposure. In addition, age was also shown to be strongly associated with HSV-2 and HIV-1 co-infections in this study-women aged 30-34 years were at increased risk for HSV-2 and HIV-1 co-infections. Other risk factors identified for the women who were co-infected included having a greater number of lifetime sex partners and recent symptoms of genital itching, genital warts and genital sores. This calls for continuous risk-reduction counselling in this population.
The limitations of our study include, first, that we conducted the study at a single antenatal setting in KwaZulu-Natal, therefore the data are not representative of all pregnant women in KwaZuluNatal. Despite this limitation the data obtained in this study add to the growing body of evidence on HSV-2 infections and HSV-2 and HIV-1 co-infection during pregnancy, an area of research in which data is lacking in our setting. Since the present study had a cross-sectional design we were unable to establish which infection came first, HIV-1 or HSV-2. Additionally, this study provides a basis for the development of future research that may be directed towards looking at the epidemiology of HSV-2 during pregnancy and associated birth and neonatal outcomes. Lastly, in this study we used the Focus HerpeSelect™ ELISA IgG to diagnose HSV-2. This test has been shown to have a reduced sensitivity and specificity in populations of high HIV prevalence, which could have affected interpretation of the results. To circumvent this, we used a cut-off that has been known to provide an estimated specificity of > 90% in African populations. In addition, we used the second-generation Focus HerpeSelect™ ELISA IgG, which is more specific than the first-generation test, therefore we did not need to confirm our findings with a Western Blot.
Conclusion
In this study of pregnant women, a very high prevalence for HSV-2 as well as HSV-2/HIV-1 co-infection was reported. According to the South African National Strategic Plan (NSP) for HIV, STIs and TB (2017-2022), 20 one of the most neglected areas of the NSP has been the diagnosis and treatment of STIs. The proposed study has aligned with the NSP, since this study focused on screening for an STI in pregnant women as well as identified risk factors for infection. The high HSV-2 seroprevalence reported and risk factors identified in this study call for an improvement in current risk-reduction methods in our local setting. We need to adopt a funnel approach when it comes to community awareness on STIs, and we need to start educating the entire community first and then move down to individual high-risk groups because we are residing in a setting with a high HSV-2 prevalence and generalised HIV-1 epidemic. 
